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Though biological processes control tional to low-Input and organic the availability of many soil nutrients,
Animal
farming systems must rely on orinterest in the soil biological commuganlc sources for adequate soil nity has been ~~e r l o o k e d because high fertility. At the Sustainable Agrilevels of mineral f e e l e r may overculture Farming Systems (SAFS) shadow or inhibit biologic-a&vitis. 
systems.
ing is released to the soil and becomes available for plant uptake (conceptualSoil fertility is an important deterized in fig. 2 ). Unminant of the economic survival of a derstanding the fanning system. Management systems relationships among that rely on organic inputs as sources members of the soil of fertilizer have different dynamics of community and the factors soil nutrient availability than systems controlling the timing and release of receiving mineral sources. These dynutrients by biological processes will CCCCCCCCCCNN namics are not yet well understood, be important for the optimal manageespecially in the inigated systems of ment of cropping systems. all crops and all farming systems. During the subsequent 4 years, soils in the different systems have received inorganic fertilizer (conventional 2-year, conventional 4year and low-input), crop residues (all systems), cover crops (organic and low-input) and manure or compost (organic) ( The low-input and organic systems derive 85% of their nitrogen from cover crops, rather than approximately 50%, as estimated, illustrating that the nitrogen budget is particularly sensitive to assumptions about nitrogen contributions from cover crops.
Nitrogen availability, perhaps comVied with early season weed pressure (see pp. 14-19 and 27-33), may be an important factor in determining tomato yields during the transition to organic production. Prior to 1992, toto plants in the organic system ally appeared stunted and yellow in the season, did not compete with weeds (see pp. 27-33) and had yields lower than tomatoes grown in the conventional system (table 5) . Soil nitrate levels in the organic tomatoes in 1990 and 1991, however, were higher than or equivalent to levels in the conventionaI system on the dates sured (table 6). In 1992, when orc and conventional yields were arable, nitrate levels in organic were also higher than or equivato levels in the conventional plots.
ato petiole nitrate analysis inthat nitrogen was deficient in ems in 1991, whereas it was dein only the organic system in 1992. Since yields were comy high in the conventional 4-stem in 1991, it is unlikely that truly nitrogen-deficient s either that the petiole test e or that samples were actaken later than early bloom r. Furthermore, organic plants lowest petiole nitrate in all rs, even in 1992, when yields were parable among all systems ( method, which resulted in minimal incorporation of the cover crop. Reduced nitrogen availability to the organic and low-input corn plants in 1991 was evident from the lower percent nitrogen in the leaf and perhaps from the lower soil nitrate levels in late August relative to conventional plots ( (fig. 3) . In 1990 (fig. 3A) , the only significant differences (P = 0.05) among the four farming systems occurred following the early April incorporation of the cover crop, at which time the MBC was higher in the organic and low-input systems. There were no significant differences in MBC among the fanping systems in December 1990 and on May 20,1991 (data not shown). In 1992, however, MBC was higher in the organic and low-input than the conventional systems throughout the growing season ( fig. 3B ). The differences between the cover cropped systems and the conventional systems in 1992 were significant (P = 0.05) for all days except the April 17 sample. A mid-season crash in MBC was observed in all systems in 1992; however, MBC did not decline as much in the cover cropped systems as in the conventional systems.
For most sample dates, there were no significant differences (at P = 0.05) in MBC between the organic and low-input systems and no significant differences between the conventional 2-year and conventional 4-year systems. Even though the low-input system received some of its nitrogen as inorganic fertilizer (see pp. 14-19), the similar dry matter inputs in the organic and low-input systems (table 3) may have contributed to similar levels of MBC.
The ratio of MBC to total soil organic carbon has been suggested to reflect the proportion of organic matter that is available as a source of plant nutrients. In European studies, MBC has been observed to constitute a lower percentage of the total organic carbon in monoculture plots than in plots that are cropped in rotations and/or amended with manure. In our study, the percentage of total organic carbon that is MBC in 1992 ranged from 1.4 to 5% in all farming systems. The highest percentages were measured in the low-input and organic systems.
Seasonal trends in MBC in our study differed from what has been observed in other more temperate climates of the United States where cropping system studies have been conducted. In our study, relatively high levels of microbial biomass appeared to be maintained over the winter, whereas the lowest levels measured occurred during mid-to late summer. Questions remain regarding how much of the fluctuation in MBC is due to temperature and moisture and whether management practices can be used to regulate microbial populations.
Nematodes. Prior to 1988, the field site of this experiment consisted of a number of separate and unrelated research plots of conventionally managed wheat, alfalfa and beans. There was considerable variability among the plots at the time of the initial 1 9 8 p nematode inventory; however, this variability has declined over time (data not shown). The proportion of nematodes of each feeding habit (that is, whether they feed on bacteria, fungi, plants or other nematodes) in the soils under all crops in each farming system are categorized for each year in figure 4.
In the two conventional farming systems, the total numbers of all nematodes in the soil to 30-centimeter depth did not change significantly between 1988 and 1992 (table 7); however, by 1992 the plant parasitic species represented an increasingly larger proportion of the conventional 2-year community in comparison to the other systems (table 8, fig. 4 ). For more details on the plant parasitic nematodes in the SAFS project, see pp. 27-33. Although plant parasitic nematodes were likely to be present below our sampling depth of 30 centimeters, our goal in this project was not to perform an exhaustive inventory but to com-t.
pare numbers among similar crops grown under different farming sysi I tems. In contrast to the conventional stems, between 1988 and 1992, there ere sigruficant decreases in the total number of nematodes in the low-input (P < 0.05) and organic systems 8 c 0.10) (table 7). While that is interesting, it is of greater importance to examine changes in nematodes with different feeding habits through time.
Thirteen species of bacterial-feeding nematodes have been identified in the soils of the SAFS project. They include Acrobeloides sp., Acrobeloides bodenheim i , A, buetschlii, A. tricornis, Bursilla labiata, Cephalobus persegnis, Chiloplacus sp., Cruznemn tripartiturn, Diploscapter sp., Panagrolairnus detritophugus, Plectus sp., Rhabditis cucumeris and Stegelleta sp. We are interested in these nematodes due to their potential for mineralizing nitrogen as a result of feeding on bacteria. The proportion of all nematodes that are bacterial feeders declined over the 4 years in all but the low-input farming system (fig. 4) . We find the decline in the organic plots somewhat surprising given the high levels of microbial biomass measured these plots. However, the samples r nematode inventory were taken in ptember in 1988 and 1992, considerably later than the period when the microbial biomass appears to be greatest.
The different farming systems are also altering the depth distribution of biological activity in the soil, and our 30-centimeter deep cores provide samples that represent a wide range of soil conditions. More intensive sampling in 1992 and 1993 indicated different depth patterns in the conventional &year and organic farming systems (data not shown). In the top 15 centimeters of soil there were 50% more microbivorous nematodes in the distribution of nematode populations may reflect the higher concentrations of organic matter incorporated in the surface layer of soil in the organic compared to the conventional systems.
We categorize three species of nematodes in the soils of the SAFS project as fungal feeders, although two of these species (Aphelenchoides sp. and Ditylenchus sp.) may also feed on higher plants. The third fungal-feeding species is Aphelenchus avenae. The proportion of the nematode community represented by these nematodes had not changed over time in any of the farming systems by 1992 (fig. 4 ). In the conventional farming systems, however, the similar proportions actually repre sent greater numbers of fungal-feeding nematodes, since there are more nematodes in conventional than in organic and low-input systems (table 7) . This may indicate differences in the nature and complexity of organic matter in the soils of the different systems. In the conventional systems, the organic matter incorporated into the soil is crop residue high in carbon content. The manure and leguminous cover crops incorporated into the low-input and organic plots have lower carbonAmong the 13 species of bacterial-feedlng nematodes Identified in the soils of the SAFS Prolect are Acrobeloides bodenheimeri, top, and Cruznema triparttfum, bottom. Excess nitrogen generated by their grazing is released to the soil and be comes available for plant uptake.
than bacteria, and this may be r e flected in the greater numbers of fungal-feeding nematodes in the conventional plots. It is possible that fungi, and thus their predators, may have been selected for in the conventional systems because of the ability of fungi to decompose relatively resistant organic material, e.g., high carbon-nitrogen ratio material. A higher proportion of fungi in the microbial Corn residues were sampled for quantlficatlon of biomass and for tissue analysis.
community may result in organic matter that is lower in available nutrients; however, this hypothesis will require additional study.
Two species of nematodes in these soils represent groups whose feeding habits are not well defined but include predators on nematodes and other soil organisms. These predaceous nematodes were at rather low levels; however, in general they were more abundant, more consistently present and constituted a greater proportion of the total nematode community in the organic and low-input plots than in the conventional plots (fig. 4) . The predatory species were identified as Prismtolaimus sp. and Edorylaimus sp.
Small but significant changes
During the transition period, there have been small but significant changes in certain soil chemical prop erties in the organic and low-input systems. Although changes in organic matter are small, the average increase in the organic and low-input systems combined represents a 9% and 16% increase above that of the conventional 4 and Zyear systems, respectively. Nevertheless, total organic matter is a conservative measurement and does not reflect changes in the composition and potential fertility of the organic matter that also would have likely occurred with organic amendments.
As reported in other studies of the transition period, nitrogen deficiency appeared to be a problem in organic tionships between crop yield and nutrient inputs, including crop growth response curves and assays of existing fertility, were originally derived from tests with inorganic fertilizers and may not be appropriate for organic forms of fertilizers. Nitrogen from organic sources is released in smaller increments and over a longer time than nitrogen from inorganic sources, which are applied in one QJ two large pulses. Fertilizer recommendations for organic sources will most likely need to consider the biological processes that govern nutrient availability. The results of our study and related work will be useful in identifying methods of assessing soil fertility in agricultural systems receiving organic inputs.
Distinct differences between the conventional and alternative management systems in the soil biological communities were evident by the 1992 growing season and were also observed in 1993 (data not shown). Many unanswered questions remain about the microbiological populations, such as why their biomass crashes midgrowing season and whether higher biomass levels are correlated to higher levels of activity and nutrient availability. Much more frequent measurements from the same soil samples are needed to elucidate the interrelationships among fertility and biological parameters and their contribution to the dynamic and complex patterns of nutrient cycling in agroecosystems. Similarly, questions remain regarding the microbivorous nematode community. Do their numbers indicate an important role in nitrogen mineralization due to grazing of fungi and bacteria, or do they merely reflect abundance of suitable food? Research is currently underway to address these questions.
. I Soil fertility can be problematic during the transition period from con ventional to organic farming. A new tilizers and many common pesticides G organic farmer cannot use mineral ferand may thus be more vulnerable to crop loss than a conventional farmer. This is especially true in the transition period, when the soil biota may not be able to support the rates of cover crop decomposition needed to provide sufficient soil fertility in the early growing season. The low-input system provides an alternative, though lacking the economic incentives of an organic system, where some mineral fertilizer amendments and pesticides can be used as needed. 
K.M. Scow is

